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PREFACE 


Unmanned  Air  Vehicles,  which  include  RPVs  and  autonomous  platforms  have  had  a  long  history  in  the  military  field. 
Recent  advances  in  guidance  and  control,  in  sensors  and  in  data  processing  have  led  to  an  upsurge  of  interest  in  such  systems 
within  NATO.  Several  new  RPVs  are  under  development  and  there  are  numerous  lessons  that  are  being  learned  during  the 
development  and  deployment  of  these  systems. 

This  symposium  intended  to  examine  the  state-of-the-art  in  the  unmanned  vehicle  field  covering  both  short  range 
systems  for  tactical  reconnaissance,  target  spotting  and  fire  control  and  the  long  range  systems  carrying  out  surveillance  tasks 
and  autonomous  platforms. 


Les  vehicules  non-pilotes,  qui  comprennent  les  engins  telepilotes  (RPV)  et  les  plateformes  autonomes,  sont  connus  de 
longue  date  dans  le  domaine  militaire.  Les  progres  realises  recemment  en  guidage  et  pilotage  dans  le  domaine  des  capteurs  et 
du  traitement  des  donnees  sont  a  I’origine  d’un  regain  d'interet  pour  de  tels  systemes  au  sein  de  TOT AN.  Plusieurs  engins 
non-pilotes  dune  nouvelle  generation  sont  en  cours  de  developpement  et  nombre  d’enseigmenents  sont  tires  au  travers  des 
realisations  et  des  deployments  de  ces  systemes. 

Le  but  de  ce  Symposium  etait  de  faire  le  point  sur  I’etat  des  connaissances  dans  ce  domaine.  Ainsi,  le  programme 
englobait  a  la  fois  les  systemes  a  courte  portee  pour  la  reconnaissance  tactique,  le  reperage  d’objectif  et  la  conduite  du  tir,  et 
les  systemes  a  longue  portee  utilises  pour  la  surveillance  et  les  plateformes  autonomes. 
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TECHNICAL  EVALUATION  REPORT  on  the 
47TH  GUIDANCE  AND  CONTROL  PANEL  TECHNICAL  MEETING 
Symposium  on 

GUIDANCE  AND  CONTROL  OF  UNMANNED  AIR  VEHICLES 


1.  INTRODUCTION 

The  47th  Guidance  and  Control  Symposium  on  Guidance  and  Control  of  Unmanned  Air 
Vehicles  was  held  at  the  Letterman  Institute  of  Research,  Presidio  of  San  Fransisco, 
San  Fransisco,  California,  USA,  from  4  to  7  October  1988.  The  Program  Co-Chairmen 
for  this  meeting  were  Professor  John  T.  Shepherd  of  the  United  Kingdom  and  Dr.  John 
Niemela  of  the  United  States.  The  program,  as  presented  at  the  symposium,  is 
appended  to  this  report.  The  complete  compilation  of  papery  will  be  published  as 
AGARD  Conference  Proceedings. 

Unmanned  air  vehicles,  which  include  RPVs  and  autonomous  platforms  have  a  long 
history  in  the  military  field,  charac ter i zed  by  long  periods  of  neglect  and 
indifference  and  short  periods  of  intense  interest.  The  motivation  for  addressing 
the  guidance  and  control  of  unmanned  aircraft  at  this  time  sprang  mainly  from  two 
significant  trends.  First,  the  ever— increasing  lethality  and  accuracy  of  modern 
weaponry  is  monotonica 1 1 y  increasing  the  risk  of  carrying  out  manned  missions  on  the 
battlefield.  Thus  there  seems  to  be  an  expanding  need  for  unmanned  air  vehicles  to 
carry  out  an  increasing  diversity  of  missions,  both  offensive  and  defensive.  Second, 
using  the  same  technologies  that  are  producing  this  increased  battlefield  lethality 
together  with  emerginq  concepts  of  artificial  intelligence  appears  to  offer  the 
potential  for  unmanned  systems  with  significantly  enhanced  capabilities. 
Consideration  of  these  two  emerging  trends  led  the  Guidance  and  Control  Panel  to  the 
conclusion  that  now  was  a  propitipous  time  to  explore  the  situation  through  the 
vehicle  of  a  symposium  on  the  subject. 

Accordingly,  a  symposium  was  organized  on  the  subject  of  guidance  and  control  of 
unmarned  air  vehicles  with  the  stated  objective  of  examining  the  state-of-the-art  in 
the  unmanned  air  vehicle  field,  covering  both  short  range  systems  for  tactical 
reconnaissance ,  target  spotting,  and  fire  control,  and  the  long  range  systems 
carrying  out  surveillance  tasks  and  autonomous  platforms  such  as  c-uise  missiles. 
Although  the  title  ot  the  symposium  was  limited  to  the  guidance  and  control  of 
unmanned  vehicles,  the  scope  of  the  symposium  was  in  fact  much  broader.  One  session, 
for  example,  was  planned  to  cover  operational  concepts,  that  is,  if,  and  if  so  how, 
an  unmanned  system  should  be  deployed  in  lieu  of  a  manned  system.  Other  sessions 
were  planned  to  cover  the  design  of  the  total  unmanned  vehicle  system,  optical  sensor 
systems  for  unmanned  vehicles,  systems  external  to  the  vehicle  needed  for  a  total 
capability,  and  the  evaluation  and  test  of  complete  unmanned  vehicle  systems  m 
addition  to  the  core  subject  of  guidance  and  control.  The  level  of  success  achieved 
in  developing  meaningful  discussion  of  these  topics  was  uneven,  as  will  be  discussed 
in  the  body  of  this  report. 

This  evaluation  report  includes  considerat ion  of  the  comments  and 
recommendations  which  were  received  from  the  participants  in  the  symposium  on  the 
form  appended.  Such  comments  are  a  great  help  to  the  evaluator  and  the  efforts  o( 
those  who  took  the  time  to  make  them  are  greatly  appreciated. 


2.  DISCUSSION 
2 . 1  Keynote  Address 

The  keynote  address  was  given  by  Rear  Admiral  William  C.  Bowes,  Director  of  the 
Unmanned  Aerial  Vehicles  Joint  Project  in  the  US  Department  of  Defense.  This  project 
has  only  been  in  existence  for  a  short  time  so  that  only  planning  activities  have 
taken  place  to  date.  The  most  significant  point  is  that  the  US  DOD  is  taking  a 
corporate  approach  to  the  exploitation  of  unmanned  vehicle  technology  after  years  of 
false  starts  and  l n ter -serv ice  rivalry.  A  broad  spec trum  of  missions  is  being 
addressed  including  reconna l sance  and  surveillance,  tarqet  acquisition,  command  and 
control,  meteorological  data  collection,  NBD  detection,  and  disruption  and  deception 
missions.  (One  point  brought  out  by  Admiral  Bowes  with  which  this  author  strongly 
agrees  is  that  many  more  uses  for  unmanned  vehicle  systems  will  suggest  themselves  to 
operational  system  users  as  they  get  their  hands  on  the  systems.  It  is  unrealistic 
to  expect  that  all  possible  system  applications  can  be  accurately  assessed,  or  indeed 
even  thought  of,  by  rear  echelon  systems  analysts.;  Consideration  of  the  need  for 
systems  to  carry  out  these  missions  led  to  characterization  of  four  types  of  systems. 
These  are:  close  range  (0-30  km),  short  range  (150  km,  300  km  desired),  medium  range 
(700  km),  and  endurance  which  is  not  characterized  by  range  but  rather  by  time  of 
flight  which  for  this  system  may  be  as  long  as  36  hours.  Admiral  Bowes  finished  his 
address  by  challenging  the  technical  community  to  develop^  oroduce  and  support  viaole 
unmanned  vehicle  systems  and  assuring  the  community  of  the  support  of  his  office  in 
using  such  systems. 


2 . 2  Session  I _ Opera 1 1 onal  Concepts 

The  first  paper  of  this  session,  presented  by  Cr,  Pwmer  of  AGARl},  was  a  summary 
of  findings  from  several  AGAAD  Aerospace  Applications  Studies  on  unmanned  aircraft 
aop 1 ica t l ons .  The  studies  addressed  the  use  of  unmanned  aircraft  m  the  ground 
attack,  beyond  visual  range  air-to-air,  and  high  altitude  long  endurance  surveillance 
and  target  acquisition  roles.  Dr.  Rumer  s  presentation  was  extremely  comprehensive. 
He  explained  how  AGARD  studies  are  commissioned  and  accomplished  as  well  as 
presenting  the  results  of  the  specific  studies  being  addressed.  Pomt  designs  for 
vehicle,  launch  and  recovery  modes.  command  and  control  methodologies,  on-board 
sensor  requirements  etc.  were  presented  *or  each  mission  considered. 

The  other  paper  m  the  session,  presented  oy  Hr.  Mans  fora  of  British  Aerospace, 
was  a  report  of  studies  done  bv  his  firm  on  the  efficacv  of  unmanned  fighter 
aircraft.  (Mr  Hansford  s  written  paper  is  unfortunately  not  available,  as  of  thi« 
writing.  In  addition,  due  to  technical  difficulties,  his  visual  aids  were  not  shown 
until  his  oresentation  *»a^s  almost  over.  Tn«s  makes  assessment  difficult.  I  will 
say,  however,  that  his  presentation  under  the  circumstances  was  heroic.! 


I  he  conclusion  of  both  papers  was  that  prooerl-/  designed  unmanned  aircraft 
S/Stems  for  certain  missions  are  feasible.  Un©  interesting  point  brought  out  bv  Mr. 
Hansford  was  that  unmanned  systems  should  have  a  iife-cvcle  cost  advantage  over 
manned  systems  because  machines  don  t  nave  to  practice. 

2 . 3  Session  1  1  ;  Requ l remen  »•  s  and  Systems 

i'he  first  paper  in  this  session  grappled  with  the  large  issues  first  addressed 
in  Session  I.  That  is:  What  mission  is  an  unmanned  aircraft  suitea  for  and,  having 
determined  that,  how  should  the  unmanned  system  be  implemented.  Tne  naper,  presented 
bv  M.  Martin  of  Command  Systems  Group,  was  an  extremely  thoughtful  analysis  of  i^ow  to 
destroy  an  enemy  s  effectiveness  as  a  fighting  force  by  interdicting  his  critical  C3 
nodes  using  an  integrated  family  of  unmanned  air  vehicles.  The  caper  ♦orcefullv 
nighliqhtea  tne  fact  that  the  u ev  to  success  is  the  ability  to  integrate  ^  multi- 
payload  mu l t i -vehic le  assemblage  of  equipment  into  an  effective  force  ‘c  locating 
critical  Oi  nodes  and  mart,  mq  them  for  destruction.  This  integration  is  so  complex 
and  the  time  for  its  implementation  so  snort  that  man/  parts 

of  the  planning  function  will  have  to  be  done  in  software.  i he  acceptance  of  this 
point  by  operational  personnel  is  crucial  in  the  03ttle  for  accept anro  unmanned 
vehicles.  Mr.  Martin  ooir ted  out  three  areas  where  this  type  of  planning  is 
required:  assigning  assets:  route  planning;  and  cueing  software. 


The  next  paper,  presented  bv  Mr.  Derate  of  td©  r  aij  «*'or  p .  pea  i  t  with  Vo  r?»d  f  3r 
unmanned  vehicles  to  provide  target  acquisition,  nor  just  target  detec  tijr.  on  t --,P 
modern  oattle+ield.  Once  again,  as  m  tno  previous  r-aoer,  what  rKri  re?llv  mean**  is 
that  the  computer  will  do  tne  mission  planning  *nd  the  image  <?a*a  ir-»  ©r  Dretat  ion 
-•at her  than  the  human.  The  need  for  this  is  undoubtedly  valid  and  at  som©  time  the 
approach  will  undoubtedly  be  technically  feasible.  However,  such  methodologies  will 
never  be  accepted  by  operational  aersonnel  unless  means  are  developed  to  provide  them 
assurance  that  the  are  "on  top  of"  the  situation  and  not  at  tne  merry  of  a  machine. 


The  next  Ddoe-  .  presented 
various  methods  which  could 
sensors  that  could  be  used  for 


b>  M.  Chaillot  of  DRET  3DCE.  was  a  dicc/ssion  of  the 
be  used  for  unmanned  vehicle  guidance  and  on-board 
target  location  etc. 


The  tjnal  two  papers  of  this  session  addressed  the  c aoab l \ i t ies  of  existing 
s*.  stems.  i  he  first,  presented  Oy  Mr.  Dennis  of  jtG.  was  a  quite  thorough  exposition 
pt  the  capabilities  of  fee  Phoen;  real- » i me  battlefield  surveillance  system.  f1p 
second,  presented  bv  Mr.  Gtroud  of  Lock  need  discussed  *.ke  Aquila  urma'-ned  air  vehicle 
3  ,-s  tern .  with  emphasis  on  its  target  location  capability.  'p'02!nu«  wi‘.h  tne  audio 
svs  tem  un +c?r  tuna  te  l  v  necessitated  a  lac»  of  fr  !  a  t  tor.  of  ¥  n«se  last  vwn  pane-s  arc 
cancel ldtion  of  tne  discussion  period  planned  for  the  end  '>♦  r dav.’ 


Once  again  aside  from  the  tecnoolngy  presented  ir  this  session,  the  f  ev  issue 
seems  to  be  that  t  here  is  an  ©ver  - 1  n-~r  ©  vs  mg  need  for  at;tomation  to  handle  fh©  ever  - 
increasing  amount  of  data  being  generated  in  eve-  ©as  mg  pe-iods  o*  time.  The 
technology  to  permit  this  is  well  on  the  wav  but  the?  question  of  how  to  Weep  the 
Operational  user  info-med  about  and  comfortable  with  the  situation  ma v  be  rgceivinq 
inadequate  at  rentier. 


A.  4  Session  ^  I  Verne  1  e  Guidance  and  Control 

Ihis  was  the  session  addressing  the  core  issue  of  tne  title  of  the  Symposium; 
Guidance  sr»d  control  . 

I  he  Mrst  paper,  presenf-pd  bv  M.  fcjoi+fier  of  LNSAfc. .  was  an  academic  exposition 
of  the  synthesis  of  a  lightweight  low  cost  RPV  and  laws  for  control  of  the  vehicle 
without  recourse  to  a  vertical  gvre.  Apo!i r-ftion  of  such  a  design  would  appear 

to  be  nu  1  f  e  1  1  m  ;  tod  , 


3 


The  next  pace1' ,  preset  ted  by  S*  Sbuelz  of  Meteor .  was  a  straightforward 
description  of  the  autopilot  of  the  Mirach  100  air-vehicle.  The  concept  is  somewhat 
unusual  in  that  it  uses  OMEGA  inputs  in  a  differential  mode  tor  navigation. 

The  next  paper ,  presented  by  M.  Redoutey  of  Thomson— CSF ,  was  a  description  of 
navigating  RPv  5  using  a  rad  10— 1  oca t ion  system  with  a  number  of  ground  stations  and  a 
beacon  on  the  RPV.  It  was  stated  that  the  system  designers  rely  on  short  pulses, 
power  management,  and  random-like  times  of  transmission  to  avoid  detection  and  hence 
jamming.  it  would  seem  that  these  ground  transmitters  could  be  one  of  those  C3  nodes 
sought  in  paper  21. 

The  next  paper,  presented  by  H.  Z  inner  of  MBB ,  dealt  witn  navigation  by 
processing  images  from  passive  sensors.  The  authors  frankly  stated  that  this 
approach  is  presently  not  feasible  but  may  be  in  the  future.  If  made  feasible  from 
the  computational  point  of  view,  the  advantages  of  total  passivity  with  connectivity 
ho  ♦‘he  real  world  are  self-evident. 


The  final  paper,  presented  by  M.  Guyvarch  of  Aerospa 1 1  c» le ,  dealt  with  navigation 
up-datinq  usmq  map  data  obtained  from  radar.  Again,  the  concept  is  to  use 
processing  power,  including  artificial  in te 1 1 igence , to  obtain  the  necessary 
correlation,  in  lieu  of  human  intervention. 


There  really  was  little  in ter-re lat ion  among  the  papers  in  this 
ranged  from  straight  forward  descriptions  of  existing  systems  to 
concepts  that  are  admittedly  not  yet  feasible.  Therefore,  .there 
general  comments. 


session.  They 
discussions  of 
are  no  further 


2 . 3  “5 ess  1  on  IV;  Optical  Systems 

Unfortunately,  Session  IV  was  not  accomplished  as  the  Program  Committee  had 
intended.  Two  of  the  planned  five  papers  were,  in  fact,  not  presented.  Interesting 
substitute  papers  were  arranged  at  the  eleventh  hour.  However,  these  papers  were  not 
particularly  concerned  with  optical  systems  so  that  the  planned  focus  of  the  session 
was  regrettably  lost. 

f he  first  paoer,  one  of  the  substitutes,  presented  by  Mr.  Pendry  of  Marconi 
Defense  Systems,  concerned  the  operation  of  attack  drones.  One  interesting  point 
brought,  out  ls  that  drones  at  least  offer  the  potential  for  lower  cost  than  missiles. 
I n 1 s  ls  because  it  may  ce  possible  to  relax  environmental  reauirements  for  drones 
vis  -a- vis  those  *or  missiles  since  drones  can  be  stored  in  environmentally  controlled 
containers  rather  than  having  to  survive  hung  out  on  aircraft  hard  points.  The 
system  concept  presented  uses  a  beacon  system  for  navigation  and  a  broadband  seeker 
‘or  anti-radar  attack.  It  was  noted  that  the  vehicle  must  be  fairly  stealthy  since 
it  must  Mv  high  to  get  into  position  for  a  steep  dive  top  attack.  A  further  valid 
point  noted  is  that  attack  drones  have  several  specif  c  reau  1  remen  ts .  Thus,  it  is 
not  realistic  to  expect  that  the  attack  role  can  be  effectively  filled  by  a  "qeneral 
purpose'  drone. 


The  nevt  paper,  presented  bv  Mr.  Houston  of  Ferranti .  was  basically  a  history  of 
Ferranti  e.-oerience  in  the  area  of  synthesis  of  sensor  packages  for  target 
acquisition,  detection,  ana  designation.  Past  emphasis  has  been  or,  television,  other 
sensors  will  be  e-amined  in  the  future. 


rne  net  Da>.,r ,  t-,e  other  substitute.  was  presented  bv  Mr.  Fry  of  British 
Aerospace.  It  concerned  a  low  cost  concept  for  the  navigation  of  RPVs  loitering  out 
of  line  of  sight  of  ary  ground  control  station.  f he  concept  is  tor  the  loitering  RPV 
to  interrogate  previously  emplaced  small  low-cost  beacons.  vJit.h  proper  processing, 
precise  knowledge  of  the  neacon  locations  is  not  required. 

Tr-,e  two  renaming  papers  in  tms  session  were  both  from  Lockheed  and  both 
addressed  developments  based  on  the  Apulia  system  which  has  completed  development- 


The  first,  presented  b/  Mr.  Amick.  addressed  an  attempt  to  reduce  system  cost 
by  introducing  s tandard 1 r a t ion  into  the  development  of  sensor  platforms.  The  goal  of 
the  program  discussed  was  to  design  a  common  platform  for  all  sensors,  together  with 
common  njoroqr a mm a  Die  controls  and  Ground  Support  Equipment,  rather  than  the  unique 
special  purpose  system  built  around  each  sensor,  as  is  the  case  today.  The  result  of 
the  program  is  the  LOO  HEED  ADAPTIVE  MODULAR  PAYLOAD  (LAMPS'.  It  would  seem  that 
this  type  of  process  must  oe  undertaken  if  the  cost-reducing  benefits  of 
standard  1 :at ion  are  ever  to  be  realized. 

The  final  paper  ot  the  session  presented  by  Mr.  Thompson  was  an  exceptionally 
clear  presentation  of  automated  search  algorithms  for  target  acquisition  developed 
tor  and  validated  in  the  U.  S.  Army  Apulia  Remotelv  Piloted  Vehicle  system. 


Because  of  the  fragmented  n 

tO  me1  e  .  .  er  ,  *nere  13  One 

noted  e  olicitly.  the  point  13 


is  causing  major  c 
’ ' h 1 s  applies  to 
and  mecnanicai  mte^f 


aturo  of  this  session,  genera  1  comments  are  difficult 
point  that  was  made  implicitly  that  deserves  being 
that  the  drive  for  sta^danjuation  in  an  attempt  to 
barges  m  the  wav  firms  in  the  aerospace  industry 
tHe  develooment  o*  standard  data  busses.  standard 
aces,  etc.  as  we i l  as  to  the  sort  of  effort  discussed 
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here . >  Trad i tiona 1 1 y ,  suppliers  have  designed  entire  subsystems,  such  as  a  sensor 
package,  and  delivered  them  to  airframe  manufacturers  for  integration  witf’  other 
subsystems.  However,  suppliers  cannot  develop  standard  subsystems  when  thev  don  t 
know  .and  will  never  know.  because  of  proprietary  considerations.  the  peculiar 
requirements  of  their  competitors  equipment.  Thus,  on  1 v  the  prime  contractor  can 
develop  standard  subsystems.  This  trend  is  changing  the  traditional  roles  of  the 
various  firms  in  the  aerospace  community.  The  ultimate  result  c*f  these  developments 
is  by  no  means  clear  but  there  is  no  question  that  the  changes  taking  olace  are  major 
and  the  resultant  effect  "n  the  make-up  r*  both  airframe  companies  and  their 
suppliers  will  be  profound. 

2 . 6  Session  V:  Systems  External  to  the  Vehicle 

The  first  paper  of  this  session,  presented  by  M  Olivier  of  QNERA.  was  a 
straight-f orward  comprehensive  overview  of  ways  to  help  maintain  the  data  link 
between  RPV  and  ground  in  the  prescence  of  various  impediments  to  doing  so. 

The  second  paper,  presented  by  H  Hornfeld  of  MBB ,  dealt  with  using  a  digital  map 
display  as  an  aid  in  planning,  control,  and  target  position  dete^m.  ir at  ion .  T 
system  presented  is  called  Intelligent  Graphics  Overlay  Svstem.  ISOS.  The  paper  went 
into  quite  a  bit  of  detail  on  the  design  of  the  various  versions  of  the  svstem. 
Unfortunately,  however,  it  did  not  address  in  very  much  depth  the  system 

c har ac ter  is t ic s  are  what  they  are.  That  is,  what  the  underlying  perceived  reeds  were 
that  led  to  the  design  decisions  made.  This  is  a  verv  exciting  area  of  technology. 
The  use  of  digitally  generated  maps  for  pre, during,  anp  post-mi ssio--  functions  is 
continually  increasing  as  more  and  more  people  become  aware  of  the  tremendous 
potential  such  systems  offer. 

The  next  paper  was  presented  b/  Dr.  Cannenperg  o*  MERIr  Tec  m  o  1  eg .. .  ;  » 

addressed  Dr.  Dannenberg  s  perception  of  the  impact  of  direction  giver,  ip,  me  -Jr 

Congress  in  1 9B8  on  RPV  operations*  It  IS  Dr.  Danner. be rg  s  thesis  that  this 

direction  mandated  centralized  control  of  the  launch,  control,  and  recover.  o*  . 

Hr.  Dannenberg  then  presented  a  most  interesting  concept  for  accomc  I  isnme"  t  o*  h'-e 
mission  planning  function,  given  that  centralized  control  was.  in  *ac“,  mar  da  ted. 
This  paper  produced  by  far  the  strongest  emotional  response  ov  the  attendees  o*  an-, 
m  the  entire  symposium.  Several  delegates  expressed  the  strongly  he i a  coition  that 
the  bureaucracv  created  by  attempting  to  centrally  control  ocer5f wGuic 

render  the  whole  concept  so  untimelv  as  h<“  useless.  This  zc-  movers/  ;s  .’us* 

beg  inn  mg  . 

The  next  paper  (which  is  unfortunately  not  available  at  this  wrihroi,  presented 
by  Mr.  McGinn  of  GEC .  concerned  using  imager/  f-om  the  5RC1T  satellite  as  a  data  base 
for  scene  matching.  The  conclusion  of  the  wom  accomp i  .5' -<rd  >.o  date  is  mat  me 
imagery  is  adequate  for  mid-course  navigation  of  a  stand-off  missile. 

The  final  paper  of  this  session,  presented  bv  Mr.  o«  ..cc*  -■ee'l .  was  s 

thoughtful  assessment  of  how  to  determine  t-e  proper  ’.e-el  of  automation  o *  tas*- s  m 
a  given  system  and  further,  how  to  allocate  functions  between  hardware  ana  software. 
A  key  element  m  Lockheed  s  approach  tc>  addressing  this  problem  is  to  ouic*  I. 
prototype  man-machine  interfaces  and  get  operational  people  in  to  assess 
characteristics. 

This  j.*.  E.ol.cJ  it.  tu  an  assessment  os  glwba'.  1jSu-_-=>.  he  discussio* 

what  degree  of  centralization  in  the  operation  of  RPVs  is  just  one  example.  R u  1  1 

consideration  of  this  question  0,35  to  include  now  yrgarn:ations  a-^e  partitioned, 
perhaps  up  to  and  including  NATO.  This  is  obviously  a  mos  r  co^Die'-  issue  but  one 
that  must  be  addressed  continuously.  Again.  the  Questions  0+  whicr  ‘unctions  get 
automated,  which  in  hardware  and  which  in  software  are  f  u^a  amor-,  r  *  •  ►  o  tn=  design 

process  and  methodologies  tor  maxing  these  decisions  are  of  the  utmost  importance. 

2 . 7  Session  VI:  Evaluation  and  Test 

The  first  paper  in  this  session,  presented  bv  Mr.  oevtang  ct  britiso  uoros pace . 
addressed  an  unmanned  bomber  primarily  designed  for  am -to-  ground  •nise-io''s.  ss 
opposed  to  the  system  discussed  in  paper  12  which,  addressed  primarily  me  air-tc-di' 
role.  Based  on  the  work  done  to-date,  the  author  feels  that  ar  RPV  min  a  ca*.a  im*  . 
a  man- in  -  the- 1 oop ,  etc.  is  too  complex  for  this  mission.  He  thus  addressee  multi- 
role  drones  or  autonomous  aircraft  acting  in  a  role  similar  to  that  of  a  ta-rec 
aircraft.  The  selected  concept  is  for  the  Unmanned  Aircraft  < UMA ’ s >  tc  te  launched 
from  manned  aircraft  and  autonomously  penetrate,  searcn,  defect,  arC  af:ac>  .  Studies 
have  led  to  the  choice  of  a  millimeter  wave  radar  as  the  target  sensor  .  the  ranging 
capability  of  the  radar  permits  setting  up  multiple  target  passes.  One  sensor  >s 
felt  to  be  adequate  since  groups  of  targets,  rather  than  single  targets,  are  sought. 

The  final  paper  of  this  session,  and  indeed,  of  the  symposium,  was  presented  by 
Mr.  Ferguson  of  Lockheed.  A  very  clear  description  ok  the  Aqui ia  svstem  was 


r 


presented.  The  subject  a*  the  paper  was  tne  test  broqram 
navigation  and  guidance  system,  including  a  discussion 
commodity  which  seems  to  be  growing  ever  more  rare. 

The  UMA  bomber  paper  again  raised  the  concern  about  1 
Foe  (IFFi  which  always  arises  wnen  autonomy  and  lethal 
problem  is  addressed  solely  by  relying  on  me  validity 
friendly  forces  are  located.  This  is  a  very  ^rouo leso^e 
which  escalates,  as  the  degree  of  lethal  system  autonomy 
were  only  two  papers  in  this  session  b^irgs  nrjme  tre  fact  t 
systems  is  exceedingly  scarce.  In  tact,  tn©  ♦  mst  b 
extensive  experimental  work,  concerned  a  postulated,  '■atn 
One  wonders  if  there  is  not  too  much  empnasis  placed  on  st 
system  to  build  instead  of  getting  on  with  building  a  stray, 
to  guide  the  course  of  further  efforts. 


1  pr  o  *  F  * 
1  r t  eC  . 


2.9  Roundtable  Discussion 

Professor  Shepherd  was  the  Moderator  *o»-  this  \  sc use  io~  .  T"*?  n'.  .-d- 

manned  by  Dr.  Dannenberg  Of  the  US,  Hr.  Jones  of  the  Uk  .  H  ■  Rumen  o*  Ai’-HPD 
M.  Materel  <FR)  . 

The  discussion  was  started  bv  asking  the  panelists  their  •.  iew*  as  *.c 
prospects  for  unmanned  air  vehicles.  Comments  were  as  fallows:  c  *  :  A  c  e  ♦'  l  ■ 
in  the  Army,  the  situation  in  t^e  Ai**  Rome  is  T-cr©  •.  br’i'.-= 

Competition  is  underway  on  a  mid-range  vericle.  Compot  i  *  i  on  ;s  •?  ..©.'rut 

early  in  19Q9  for  a  short  range  vehicle.  Close  cange  and  endu’-.j"-**  p-  - 
expected  in  1990.  UK:  Armv-in  service.  RN-sittir.g  on  the  fence.  NA'';  <-eedt  *■ 
for  MLRS .  Ge :  Using  CL  289,  anti-armor  and  anti-radar  in  project  de* 

The  second  Question  posed  was  "Mow  Quick’..  will  we  get  a  j  tonomg  ,s  -  . 
There  was  no  clear  answer  to  this  question.  Comments  we^e:  User  a  t  i  or.  a ;  type? 
be  convinced;  manned  aircraft  are  becoming  unaffordable:  Ma.be  n©-.©-.  o* 
the  positive  Identification  Friend  or  Foe  problem. 


A  discussion  ensued  on  the  helicopter  threat  to  u-ma-- © 
people  felt  that  the  threat  was  not  great  to  a  small  prmpe- i 
In  addition,  a  helicopter  costs  more  so  a  one- for -one  would  be 


The  next  topic  of  discussion  was  ».►■>©  feasibility  o*  developing  a- 
fighter  aircraft.  The  consensus  seemed  to  be  that  technological!*  tn©  to 
perfectly  feasible.  Courage  and  the  political  will  to  succeed  we^e 

important  things  needed. 


Finally,  as  is  so  often  th©  case,  ever  /one  agreed  that  Cj  i 
important  problem,  but  nobodv  offered  any  suggestions  as  fo  wnat  to  m 


3.  CONCLUSIONS 

The  conclusions  presented  here  are  solely  those  of  tn©  author,  based  on  tap 
written  papers,  presentations,  and  discussions  of  the  symposium  ana  on  the  <o rm6 
handed  in  by  the  symposium  delegates. 

3.1  There  seems  to  be  a  general  consensus  in  the  technical  community  that  th© 
technology  is  in  hand  for  a  vast  increase  m  the  use  of  unmanned  air  vehicles. 
Accomplishment  of  missions  ranging  from  reconnaissance  and  sur ve l 1  1 anc e  .  through- 
logistic  re-supply  to  areas  under  attack,  to  autonomous  attack  fighter  and  bomber 
aircraft,  seem  to  be  becoming  technologically  feasible.  The  increasing  lethality  c » 
the  battlefield  coupled  with  the  increasing  availability  of  sophisticated  automation 
technology  seem  to  make  this  increase  in  unmanned  air  vehicle  exploitation 
inevitable.  However,  this  expansion  of  use  may  be  limited  to  non-  lethal  missions  due 
to  th©  lark  of  capability  for  autonomous  poo  i  *  i  p  identification  nf  ‘rier.i  nr 


3.2  The  US  Department  of  Defense  has  signalled  a  significant  increase  in  the  ie/el 
of  its  interest  m  unmanned  air  vehicles  by  creating  the  Unmanned  Aerial  Vehicles 
Joint  Project.  However,  the  scope  of  this  project  is  limited  to  non- lethal  vehicles 
so  that  only  part  of  the  problem  is  being  addressed  by  the  joint  project  office. 

3.3  The  ever-decreasing  time  available  for  decision  making,  together  with  the  ever- 
increasing  amount  of  data  to  be  considered,  mandates  the  use  of  decision  aids,  tas*- 
automation,  etc.  The  technology  for  this  type  of  automated  system  is  increasingly 
available.  However,  the  key  to  success  is  not  the  technology  to  do  the  job.  but 
rather  development  of  means  to  assure  operational  decision  makers  that  they  are  "on 
top  of”  the  situation  and  not  at  the  mercy  of  a  machine. 
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3.4  T1  _  drive  ♦or  standa'-fliratiOf  as  a  cost  reducer  is  altering  the  traditional 
relatic  t.mps  of  prime  airframe  manufacturers  and  sub-svstem  suppliers.  More  and 
more  .lO-svstem  work  is  being  carried  Out  by  the  primes  themsei ves  in  the  interests 
o*  standardization.  This  trend,  if  not  carefully  managed,  could  lead  to  an 
atmosphere  which  stifles  initiative  and  diversity.  Standardiration  must  be  applied 
intelligently  and  cooperatively,  across  the  industry,  if  an  atmosphere  supportive  of 
innovation  is  to  be  maintained.  Achieving  this  important  goal  is  a  challenging  task. 

3.5  The  degree  of  centralization  of  control  of  RPVs  is  a  major  factor  in  the 
ultimate  success  or  failure  of  an  RPV  system.  The  underlying  Question  here,  as  it  so 
often  is,  is  how  best  to  accomplish  the  functions  of  command  and  control.  This  is  an 
extremely  complicated  problem  with  obvious  political  as  well  as  technical  dimensions. 
The  issue  must  be  addressed  and  it  must  be  addressed  in  a  broad  forum  >.  ie.  across 
NATO>  if  conclusions  reached  a^e  to  receive  general  acceptance. 

4.  recommendations 

4.1  In  view  of  the  fact  that  the  community  seems  ooised  for  a  great  expansion  m  the 
use  of  unmanned  air  vehicles,  it  is  recommended  that  the  Dane!  re-/isit  t^is  topic  in 
no  more  than  three  years,  possibly  SOOner. 

4  . Separate  and  apart  from  the  suoject  of  technology  for  unmanned  air  vehicles.  t-e 
Question  of  the  degree  of  cen t r a  1 i : a 1 1 on  of  their  operational  cont-oi  demands  ea^:  . 
careful  examination,  f»n  AGARD  f>e>-':scace  Applications  Study  on  this  topic  mignt 
aocropr late . 

4.3  f me  problem  o*  operational  acceptance  of  automation,  decision  a:cs.  etc.,  etc. 
T-sf  oe  addressed  c.  r^e  technical  r  ommjr  it..  rh;t,  must  be  d  c-  n  e  ;  -  a  way  c-a*. 
demonstrates  to  ooera  1 1  c.na  i  perso  nre.  that  the  tecnr-irai  comm. ,  i  t  /  ^eai'.'es  -.nar 
their  concerns  a-e  «egitimate.  Gn  1  /  with  a  major  effort  on  tnjs  Question  „ii.  t-.;s 
t /be  of  s, s tem  gain  acceptance. 
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APPENDIX  1 
FINAL  PROGRAM 

GUIDANCE  AND  CONTROL  t.»F  UNMANNED  Mh  VEHICLES 
San  Francisco.  California.  USA.  4-7  •'‘,ctob*r  Hii* 


Opening  ceremony; 

Keynote  Address  by  Rear  Admiral  William  C.  Bowes. 

Director  of  the  OAV  Joint  Project  office. 

Washington.  DC.  USA 

SESSION  !•■  CPF  RAT  :'QNA1.  CONCEPTS 

CHAIRMAN;  Dr.  J.  Niemela 

i !  Unmanned  Mizcrai  t-S£RliuLalIangi _ A_  £ummary-_t!f_Xi-ndin«^  Xcom  ASAiiXl  avi  . .  i 

Appllcationa.  otudiaa 

K.  RIMER  AGARD-MOS  Neuiilv  s'S.  FP. 

12:  operational  requirements  for  unmanned  combat  aircraft 

C.  H.  HANSFORD  British  Aerospace  FLO 

Kingston-on-Thames .  Surrey.  "K- 


SESSION  1 1  ■  EfmifiiilffililijLfiil  .sisise. 

CHA IRMAN:  Dr.  H.  Winter  1GE1 


21: 


critical  Cl -aside  -InterdlcUo-fl-CLti.iecti  v£g 

M.  I.  MARTIN  Command  Systems  Croup .  Inc 

Torrance.  CA.  US. 


22:  Target-acquisition -in  the  ..UAV.. environment 

R.  P.  I'EHARO.  P.  A.  CIGANEP  TAtl  Corporation 
R.  M.  XALAFTJS  Los  Catos.  CA ,  US. 

23 ;  Cameaialaon  -dsaJJieiUmXgusa-iiiAUtsiauditogs-^l--diLJ2£iagaIdflg£ 

Comparison  between  self  and  remote  guidance  for  unmanned  aircraft 
B.  CHAILLOT  PRET/SDCE.  Paris.  FP. 


2^:  the  .ftagnin  reaJ-jtlma-JballlsXIsld  .narysiIlanc.e_aial£Jii 

R.  W.  DENNIS.  P.  T.  JONES  GEC  Avionics  Limited. 

Rochester.  Kent.  UK. 

23 :  Agcuratg-dfilermlnatlon  oZ  targst^p-catlons  ii3ing  .unmanned  air  vehicles 
D.  W.  STROUD  Lockheed  Missiles  A  Space  Co. 

Austin.  TX,  US. 


SESSION  111:  VEHICLE. GUIDANCE  AND  CONTROL 

CHAIRMAN:  J.  B.  SENNEVILLE  (FR) 

3 1 :  Lola-iie_c-giraandn  aa.ur.  aYloaa-Aa-a.  EllaLaa,.  .at  imiiuittlaAliuin-ilunta^^ 

cantaura 

Synthesis  of  control  law,  on  *  RPV,  in  order  to  minimise  the  number  of 
sensors . 

J.  L.  BOIFFIER  ENSAE.  Toulouse.  FP. 

32:  Hlrach  100  flight  control  system 

A.  S8UELZ  Meteor  CAE  SpA.  Ronchi  del 

Leglonari  (GO) ,  IT. 

33:  Sulvl  de  la  navigation  de  RPV la  a  1 'aide  du  systems  de 

radio  localisation  Trident.  TV 

Navigation  of  reconnaissance  RPVs  with  Trident  IV 
radiolocation  system 

M.  PEDOUTEY,  B.  DUMAS  Thomson-CSF .  Paris,  FR. 

34:  Ha.Ylgai.lon  ol  autonomous  air  vehicles  bv  passive  imaging  sensors 

H.  Z INNER,  R.  SCHMIDT  MB0  GmbH,  Muenchen,  GE. 

D.  WOLF 
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SESalQtLVI: 


CHAIRMAN^  PROFESSOR  J.  T.  SHEPHERD  (UK) 


61:  Technology  an 

G.  SEYFANG 


British  Aerospace  MAD 
Warton  Aerodrome 
Preston,  UK. 


S.  FERGUSON 


Lockheed  Missiles  &  space  Co. 
Austin,  TX.  US. 


DISCUSSION:  Professor  J.  T.  Shepherd,  Moderator 
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APPENDIX  2 


A  O  £  B  1 


ADVISORY  GROUP  FOR  AEROSPACE  RESEARCH  AND  DEVELOPMENT 

GUIDANCE  AND  CONTROL.  PANEL 

7.  MUC  NNCCLLC  ,  MIOO  NCUXL U V -lUB-lf INC  .  r»KNCI 

T.l.ph...  i  Cll  4738  S7B0/B2  -  Telex,  E10  17E  -  Fax.  C13  473B  S74B 


Guidance  and  Control  Panel  47th  Symposium 
GUIDANCE  AND  CONTROL  OF  UNMANNED  AIR  VEHICLES 
October  1988,  San  Francisco,  CA,  USA 

QUESTIONNAIRE  FOR  Atl.  PARTICIPANTS 

Considerable  time  and  effort  was  expanded  by  the  Programme  Committee,  the 
authors  and  the  organisers  hosting  this  symposium.  As  a  result,  the 
Programme  Committee  Chairman  has  commissioned  an  expert  to  draft  a 
Technical  Evaluation  Report.  To  aid  him  in  preparing  a  timely,  meaningful 
report,  and  since  we  have  assembled  here  leading  technical  experts  in  the 
field,  we  solicit  any  feedback  or  comments  you  may  desire  to  submit. 
These  may  be  handwritten  notes,  and  anonymous.  If  you  have  any  questions, 
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